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Abstract

The Developmental Origins of Disease hypothesis has spurred increased interest in how prenatal
exposures affect lifelong health, while mechanisms such as epigenetics may explain the
multigenerational influences on health. Such factors are not well captured within conventional
epidemiologic study designs. We explored the feasibility of collecting information on the offspring
and grand-offspring of participants in a long-running study. The Bogalusa Heart Study is a study;,
begun in 1973, of life-course cardiovascular health in a semirural population (65% white and 35%
black). Female participants who had previously provided information on their pregnancies were
contacted to obtain contact information for their daughters aged 12 and older. Daughters were then
contacted to obtain reproductive histories, and invited for a clinic or lab visit to measure
cardiovascular risk factors. 274 daughters of 208 mothers were recruited; 81% (223) had a full
clinic visit, 19% (51) a phone interview only. 45% of the daughters were black, 55% white. Mean
and median age at interview was 27, with 15% under the age of 18. The strongest predictors of
participation were black race, recent maternal participation in the parent study, and living in or
near Bogalusa. Simple correlations for cardiovascular risk factors across generations were between
r=0.19 (systolic blood pressure) and r=0.39 (BMI, LDL). It is feasible to contact the children of
study participants even when participants are adults, and initial information on the grandchildren
can also be determined in this manner.
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Introduction

The trajectory for a person’s health may be set before they are born. Early life experiences,
even those /n utero, have lasting consequences for health,1~4 which have been demonstrated
for conditions ranging from cardiovascular disease to osteoporosis? °. Prenatal and perinatal
environment permanently influence offspring health through biological mechanisms which
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are only partially understood, but may include microbiome transfer® 7 or epigenetic
changes® ©. Although genome-wide association studies have identified hundreds of genetic
variants associated with complex human diseases and traits, these explain only a small
proportion of the variability in phenotypes, leading many to question how the remaining,
“missing” heritability can be explained.

Animal studies on genetically similar organisms indicate the possibility of transgenerational
inheritance relevant to perinatal, metabolic, and cardiovascular health (The term
“transgenerational” is used inconsistently, especially in human/clinical studies; in this
article, we will use “transgenerational” to refer to research on 3 generations or more.) These
studies have demonstrated multigenerational and/or transgenerational effects of nutrition,
smoking, and environmental pollutants1-15, with the offspring and grandoffspring
demonstrating altered phenotypes. In particular, nutrient and growth restriction (and
sometimes overprovision) in generation 1 have been demonstrated to lead to changes in
glucose and insulin metabolism in generation 3 in rats16-19 mice20, and swinel2.

However, very few human studies have been able to examine possible multigenerational
effects on important outcomes like low birthweight, obesity, or blood pressure. In particular,
few studies start in early life and run long-term. While mother-child dyads are commonly
recruited for some studies?1-23, and adult children of existing cohorts have been recruited in
other situations?4-28, rarely are studies established in a way that allow for multiple
generations to be followed starting prior to pregnancy/reproduction in the first generation.
We conducted a study to examine the feasibility of establishing a two- and three-generation
study building on the Bogalusa Heart Study (BHS). Because of our particular interest in
reproductive outcomes, we focused on daughters of BHS women.

The Bogalusa Heart Study (BHS) is a series of studies of cardiovascular health in a
semirural, biracial population (65% white and 35% black), founded by Dr. Gerald Berenson.
The first exams were conducted in 1973, of children aged 3-18, which were followed by 9
surveys of children aged 5-17 years and 9 of young adults aged 18-44 through 1995; these
surveys have been combined to create the BHS study population (Table 1). 1803 women
participated in the Bogalusa Babies study was a study of reproductive health and pregnancy
outcomes nested in BHS; women were interviewed by phone or in the clinic about their
pregnancy history. The Bogalusa Daughters project gathered data on female offspring ages
12 and older of participants (Age 12 was chosen as the average age of menarche for girls, as
well as an age when participants were likely to be able to understand the basic idea of the
study topic and thus give informed assent.) There were an estimated 1622 daughters in the
relevant age range. For this feasibility study, we proposed recruiting 240 of those daughters.
The sample size was chosen based a sample size calculation that this would provide power
to find plausible if fairly large effect sizes as well as the pilot funding available
(supplementary material).

Study procedure varied slightly depending on the age and geographic location of the
participants. For the Bogalusa Daughters protocol, Bogalusa Babies participants were first
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contacted by mail and phone, and contact information for their daughters obtained. The
daughter was then contacted by telephone, email and/or text message. If she was able to
attend a clinic visit, blood pressure, height, and weight were measured and a fasting blood
draw taken. An interview was conducted about her reproductive history, and medical records
were requested about her pregnancies. If the daughter was aged 12-17, a modified version of
this protocol was implemented, with fewer questions about pregnancy. Daughters who lived
too far away to visit the clinic, or who did not wish to, were interviewed by telephone. If
they were willing to provide biological measures but did not live near Bogalusa, they were
invited to visit a local LabCorp for lipid, glucose, and blood pressure measurements.
Mothers were provided with $10 for providing contact information for a daughter, and
daughters received $20 for the interview, $20 for the blood draw, and $20 for clinical
measurements (height, weight, blood pressure). All payments were in the form of gift cards.

Cardiovascular risk factors

Anthropometric measurements were conducted on individuals in light clothing without
shoes using a standard protocol. Determinations of height (to nearest 0.1 cm) and weight (to
nearest 0.1 kg) were performed in duplicate. Blood pressure was measured using the HEM
907 ZL Non-Invasive Blood Pressure Monitor, by Omron HealthCare CO, LTD, Kyoto
Japan. A total of four readings were taken and averaged for analyses. Plasma glucose was
measured using the hexokinase method. Serum total cholesterol and triglycerides were
measured by enzymatic procedures.

Reproductive outcomes

Covariates

Analysis

Adult women were interviewed about their age at menarche, gravidity, parity, fertility issues,
birthweight and gestational age of their children, and pregnancy complications such as
gestational diabetes (GDM), pregnancy-induced hypertension (PIH), and pre-eclampsia,
using a standardized form. These questions have been used in the Bogalusa Babies study and
self-report for pregnancy history is generally reliable.2’-29 Other related data was also
collected: indicators of infertility (time to pregnancy, fertility treatments, symptoms and
diagnosis of polycystic ovarian syndrome) and duration of breastfeeding. Adolescents (<18)
were asked about age at menarche, and any children they had,; if they reported having
children, information about those pregnancies was gathered.

Additional information was collected on age, race, marital status, smoking, and educational
level. For comparisons between participants and non-participants, covariate information was
taken from the mother’s report. Race of daughter was assumed to be the same as the
mother’s. As part of a Babies data collection on social factors, mothers were asked for their
oldest child’s highest level of education and whether their oldest child lived in Bogalusa.

First, we examined the numbers and proportions of women who were recruited, the channels
of recruitment, the response rate, and the type of visit (home or clinic). Characteristics of the
recruited sample and their mothers were then compared to the population eligible for the
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study, as defined by the mothers’ report during Bogalusa Babies of the year of birth and sex
of her children. Study-related variables included whether the woman was a participant as
well as a daughter, number of visits by the mother, and year of earliest and most recent study
visit. Demographic factors compared included age, race, county of residence, financial
situation, and educational level. Cardiovascular risk factors included BMI, history of
hypertension and diabetes, systolic blood pressure, and total cholesterol. These were
compared across the relevant study populations using t-tests and ANOVA for continuous
variables, and chi-square tests for categorical and dichotomous variables. We also created a
predictive logistic model incorporating all variables that were significant at 0.15 or less, to
determine which were the strongest predictors. Participating and non-participating daughters
were compared on race, age, number of biological siblings, education, and whether they
lived in Bogalusa. The last two, because of the type of data collected from the mother, were
limited to daughters who were the oldest child in their family.

Correlations across generations were examined using Pearson and Spearman correlations.
Generalized estimating equations were used to examine the strength of the association with
adjustment for clustering within family, as well as with adjustment for maternal and
daughter’s age.

All participants 18+ provided written informed consent, and parental consent and daughters’
assent was obtained for those <18. The project was approved by the Tulane Institutional
Review Board.

Of the 208 mothers who were contacted and provided their daughter’s information, 137 had
at least one daughter participate. Some of those women had multiple daughters participate,
for a total of 208 daughters (Figure 1). Other participants were recruited via telephone calls,
call- or walk-ins (who usually learned about the study from friends, family members, or
other word of mouth), letter, or word of mouth. We did not use social media to recruit
because the eligibility requirements were quite different from standard BHS follow-ups and
it was thought to be potentially confusing, especially for a pilot study. Generally, at least two
calls were necessary, one as an introduction, leaving a voicemail message, and a second for
the actual recruitment/interview. 223 (81%) of Daughters participants attended a clinic visit
and 51 (19%) did a phone interview. 41 completed a phone interview and agreed to attend a
LabCorp near them for basic measures; 15 followed through on this. Ninety-seven daughters
had previously participated in BHS (because the first decades of the study conducted cross-
sectional studies of the range of school age in the community, it was possible for someone
recruited as, say, a 16-year-old in 1978 to have a daughter participate as a 6-year-old in
1988). Forty-one (15%) of the participants were adolescents and the remainder adults
(Figure 1).

Maternal predictors of daughters’ participation included black race, lower education, older
age at oldest visit, living and being born in the Bogalusa area, less good financial situation,
and recency of study visits (Table 2). In a multivariable model, the strongest predictors were
race, current residence in the Bogalusa area, and recency of study visits (data not shown).
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From a selection perspective (do those who participated differ in their cardiovascular risk),
participants were somewhat more likely to have a history of diabetes and a higher BMI,
history of hypertension was highest in those who gave information on their daughters but
whose daughters did not participate. Mean cholesterol and systolic blood pressure did not
differ across the groups. Daughters who participated were slightly older than the average of
the eligible population (Table 3), consistent with our recruiters’ impression that is was
harder to recruit adolescents than adults. Living in Bogalusa was a strong predictor of
participating among daughters, while education and number of siblings were not.

The completeness of clinical data varied by whether the participant could attend a clinic visit
(for the daughters) and whether the woman had participated in BHS as an adult (for the
mothers). Some measures were also not consistently measured in BHS, such as age at
menarche, leading to missing data from the earlier visits. BMI and glucose levels were
higher in the daughters than mothers or the overall study population, while age at menarche
and birthweight at first pregnancy were similar. Lipid levels were not significantly different
for those who attended a LabCorp versus those who had a clinic visit (data not shown).

Simple correlations across generations were between r=0.19 (systolic blood pressure) and
r=0.39 (BMI, LDL; Table 4). When adjusted for clustering within family and maternal age,
the same general patterns held, with the exception that glucose was no longer significantly
correlated (although the size of the beta coefficient was similar to other factors).

Discussion

Our feasibility study suggests that children of participants in a community-based, long-term
study can be recruited via the original study participants. Participants were generally willing
to provide contact information for their children, although not all children responded when
contacted. Black women, those with less education, and those who lived in the study area
were over-represented in the study group compared to the eligible population. Completeness
of data was in some cases limited by practical factors, including the extent and timing of
participation of the mother previously and the data that had been collected as part of the
parent study. As expected, maternal and daughter cardiovascular risk factors were correlated
(with the possible exception of glucose). These correlations were statistically strong though
weak to moderate in magnitude.

Transgenerational research has become of increasing interest, as developmental origins of
disease and epigenetic research have expanded, and the ‘missing heritability’ paradox has
left family correlations unexplained.3%: 31 However, few transgenerational studies have been
conducted in humans.32-3738 The relatively small number of studies reflects the difficulty of
assembling such cohorts, requiring as it does long-term record availability or follow-up of an
existing cohort. Even when long-term records are available, routinely collected data such as
medical records may not provide the level of detail that researchers require to investigate
developmental origins. Overall, previous studies recruiting multiple generations emphasize
the importance of personal connections and family buy-in. A study in Japan found that
grandparents most often participated if both a pregnant woman and her partner participated,
instead of just the pregnant woman.3° Complex eligibility criteria limit recruitment, while
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recommendations from community contacts or other participants are most effective.40
Theory-informed recruitment of children and grandchildren of Jackson Heart Study
participants found the employment as recruiters of individuals with multiple contact
networks, communication skills, and personalities that influence others to be an effective
strategy.#! These studies’ experiences are consistent with ours, in which recent and frequent
participation in the study by the mother was one of the strongest predictors, a sizable
proportion of daughters were also primary BHS participants, and sisters sometimes learned
of the study from each other. The recruiters’ impressions were that a mother’s continued
participation in the BHS was a major plus in recruitment of daughters. If the mother was a
willing and invested participant, the odds of enrolling the daughters were greater. A large
proportion of our study population lived in or near Bogalusa, suggesting that other methods
may be necessary for transgenerational research in populations that are more mobile. The
somewhat narrow eligibility criteria (and budget) also limited our ability to extend to
recruitment avenues such as social media or community outreach.

Transgenerational studies will be important to understand the development of disease in
populations. Traditional genetic mechanisms explain only a small proportion of the familial
clustering of phenotypes, suggesting other underlying mechanisms need to be explored. e0.
While environment and behavior are also strongly correlated within families,#244 recent
works in epigenetics suggests possible routes of multigenerational effects as well4>: 46

Strengths of our study include the community-based original study sample, the racial
diversity, and the rigorous measures of cardiovascular health. Limitations include the
inevitable loss to follow-up and possible associated selection bias, as well as the variability
in length of time before pregnancy of measurements in generation 1. In addition, we
consider only the daughters of female participants; future work may expand to sons and
offspring of male participants. With this study, we lay the groundwork for future cross-
generational study in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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5982 women/girls ever
participated in Bogalusa
Heart Study

l

1803 participated in > 18 deceased*
Bogalusa Babies substudy

!

‘ 1538 parous women ‘—> 2 withdrew from further
study participation after
Babies*

1076 women with at least

one daughter aged 12+ or ;
age unknown (eligibletobe |~ 2?;32;:2:::)? ii?gr::tvif:d
contacted) / \

‘ 1622 eligible daughters ‘ 137: at least 71: daughter(s) did
one daughter not participate
participated

34 walk/call-in
17 database calls
21 unclear

280 daughters of 214 44 6 no data collected

mothers recruited

|

274 daughters of
208 mothers
participated

l

‘ 233 adults, 41 adolescents

Figure 1.
Study population

*Daughters of deceased participants or participants who withdrew were eligible to
participate if they learned about the study through other means
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Table 1.

Events and study measures across three generations, the Bogalusa Heart Study
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1970s 1980s 1990s 2000s 2010-2015" 2015-"
data collection . Bogalusa
phase Parent BHS Parent BHS Parent BHS Parent BHS Bogalusa Babies Daughters
CV measures CV measures CV measures CV measures
mother events CV measures pregnancies pregnancies pregnancies pregnancies CV measures
daughter events births births births CV measures
grandchild events births births

*
Data collection continued and is ongoing for other studies of generation 1, not mentioned in this paper CV, cardiovascular
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